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In  the  Late  Bronze  and  Early  Iron  Ages,  so-called  graphite-coated  vessels  were  ubiquitous  in  the  Car¬ 
pathian  Basin.  Studies  on  graphite-coated  vessels  are  usually  carried  out  from  a  typological  point  of  view, 
describing  the  shape  and  decoration  of  such  wares  and  assessing  the  effects  that  co-existing  cultural 
groups  may  have  had  on  each  other.  Even  though  the  practice  of  graphite  coating  had  been  present  in 
East-Central  Europe  for  several  centuries,  the  way  graphite  coating  was  produced  has  never  been 
investigated  systematically.  Technological  study  of  graphite  coating  can,  however,  highlight  interesting 
details  about  this  practice  and  the  high  skill  and  knowledge  of  potters  that  was  necessary  for  this  type  of 
ceramic  production.  In  this  study,  a  methodology  of  making  graphite  coated  vessels,  and  in  turn 
achieving  a  metallic  luster,  is  presented  through  a  range  of  experiments.  The  results  are  compared  with 
graphite  coating  found  on  archaeological  ceramics  from  a  Late  Bronze  Age  site.  The  experiments  point 
out  that  graphite  coating  can  be  achieved  in  several  different  ways;  however,  only  a  limited  number  of 
technological  choices  would  result  in  highly  metallic  luster.  During  the  experiments  different  graphite 
coating  techniques  were  tried  which  elucidate  the  possible  ways  prehistoric  potters  utilized  graphite, 
surface  treatments  and  firing  conditions. 

©  2014  Elsevier  Ltd.  All  rights  reserved. 


1.  Introduction:  background  to  graphitic  pottery 

Graphite-decorated  pottery  is  a  distinctive  type  of  ceramic  ware 
in  European  prehistory  which  first  appeared  in  Middle  Neolithic 
cultures  of  the  Balkans  and  Central  Europe  (von  Carnap-Bornheim, 
1998,  594).  Graphite  was  first  used  for  painting  motifs  on  vessels, 
and  the  appearance  of  this  practice  seems  to  be  associated  with 
Neolithic  black/brown/red  painted  pottery  (Vajsov,  2007,  98). 
Rarely,  graphite  also  appeared  on  burnished  vessel  surfaces  and  as 
tempering  material  in  Central  Europe,  in  the  Linear  Pottery  Culture 
(Pechtl  and  Eibl,  2011, 394—396).  Graphite  painting  was  a  dominant 
decorative  method  for  most  of  the  Chalcolithic  cultures  of  the  East 
Balkan  region,  however  later  it  gradually  disappeared 
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(Papadopoulos,  2007).  Graphite-decorated  pottery  also  occurred 
sporadically  in  the  Early  and  Middle  Bronze  Ages,  but  until  the  Late 
Bronze  Age  graphitic  techniques  were  strongly  bound  to  the 
geological  sources  of  graphitic  rocks  (e.g.  Bulgaria,  Moravia  in  Czech 
Republic  and  south  Bavaria  in  Germany)  (von  Carnap-Bornheim, 
1998,  594;  Leshtakov,  2004). 

The  use  of  graphite  in  Late  Bronze  Age  pottery  decoration  shows 
a  swiftly  increasing  tendency.  The  appearance  of  burnished  surface 
treatment  associated  with  graphite  and  the  newly  performed 
graphite  coating  technique  can  be  dated  between  1300  and  1250  BC 
(Bz  D)  in  the  Eastern  Alpine  regions  and  in  the  Carpathian  Basin.  In 
the  second  half  of  the  13th  century  BC  graphite  coating/burnishing 
became  a  widely  used  surface  treatment  technique:  graphite- 
coated/burnished  pottery  appears  in  large  numbers  in  the 
tumulus  burials  of  the  eastern  Alpine  area  (Burgenland)  and  in  the 
western  and  eastern  parts  of  Hungary  (Transdanubia,  Great  Hun¬ 
garian  Plain)  (Kovacs,  1975,  49;  Lochner,  1986a,  271 ;  Kustar,  2000, 
24).  Graphite  appears  especially  on  table  wares  (bowls,  jugs,  mugs, 
cups)  and  mixing  vessels  (deep  bowls).  Presumably,  these  fine- 
made  vessels  were  the  representative  elements  of  the  table-sets 
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of  houses  (Helgert,  1995,  214-215;  Nebelsick,  1997,  377-378;  V. 
Szabo,  2004,  89—90),  but  these  ceramics  were  neither  unique  nor 
special  pieces  of  Late  Bronze  Age  households.  Therefore,  it  is 
probable  that  graphite-coated/burnished  vessel-sets  found  in 
burial  mounds  were  accessories  of  funeral  feasts  (Kustar,  2000, 
22—24;  Vaczi,  2013a,  826).  Based  on  the  burials  and  depots  of  the  Bz 
D  period  (13th  century  BC)  it  seems  that  weapons,  jewelry  and 
dress  fittings  and  ornaments  were  the  primary  means  of  social 
representation  in  the  Late  Bronze  Age  (Vaczi,  2013b,  221). 

Metal  vessels  are  absent  in  household  assemblages  of  the  Bz  D 
period,  therefore  graphite-coated  ceramics,  imitating  the  texture 
and  appearance  of  metal  vessels,  could  have  been  the  most 
prominent  instruments  of  social  representations  at  feasts.  More¬ 
over,  in  the  majority  of  cases  graphite  had  to  be  imported  and  the 
production  of  graphite-coated  vessels  required  special  knowledge. 
These  characteristics  render  graphite-coated  vessels  to  be  a  special 
group  of  ceramics. 

Even  though  it  is  widely  assumed  that  graphite-coated  vessels 
may  have  imitated  metal  vessels,  no  detailed  analysis  has  been 
carried  out  to  establish  the  assumed  relationship  between  graphite 
coating  and  metal  vessels.  There  are  no  direct  archaeological  data 
referring  to  how  the  graphite-coating  technique  appeared  in  the 
Carpathian  Basin,  and  neither  is  it  known  how  graphite  was  ob¬ 
tained  and  utilized.  Based  on  dress  fittings  and  ornaments,  jewelry 
and  weapons  of  western  Hungarian  burials,  an  intensive  relation¬ 
ship  and  exchange  network  must  have  existed  between  the  Car¬ 
pathian  and  Moravian  Basins  in  the  Bz  D  period  (Vaczi,  2013b,  225. 
Fig.  8).  It  is  very  probable  that  in  this  period  graphite  reached  the 
Carpathian  Basin  through  this  exchange  network.  It  must  be  noted 
that  Moravia,  as  the  acquisition  area  for  graphite,  also  seems  to  be 
important  in  the  Celtic  period  (Kreiter  et  al.,  2013b). 

After  a  short  decline,  graphite-coated  pottery  became  abundant 
again  in  the  East-Alpine  region  and  in  the  neighboring  territories  in 
the  final  phase  of  the  Late  Bronze  Age  (Ha  B),  around  1000  BC 
(Rihovsky,  1982,  70).  Besides  making  the  whole  vessel  surface 
graphitic,  striped  decoration  made  by  graphite,  which  became 
characteristic  in  the  Early  Iron  Age,  also  appeared  (Podborsky,  1970, 
65.  Abb.  12:1,  21;  Lochner,  1986b,  305).  Graphite  polishing/ 
burnishing  became  one  of  the  most  popular  decorating  techniques 
in  the  Early  Iron  Age  of  Central  and  East-Central  Europe  (Dobiat, 
1980, 127).  In  the  Ha  C  period  (c.  800—650  BC),  besides  graphite¬ 
coating  graphite-painting  also  appeared.  In  the  latter  case  it 
seems  that  graphite  was  applied  on  vessel  surfaces  similarly  to 
painting,  in  a  liquid  form  as  graphitic  suspension  (Trebsche,  2011, 
449—451).  Later,  during  the  Ha  D  period  (c.  650—475  BC),  polished 
or  drawn  graphitic  grid  patterns  represent  the  most  common 
decorative  element  in  the  local  variants  of  the  East  Hallstatt  culture 
that  played  a  key  role  in  the  spread  of  this  type  of  ceramic  further  to 
the  east  in  the  neighboring  territories  (Kreiter  et  al.,  2013a). 

The  Celtic  period  brought  considerable  changes  in  the  use  of 
graphite;  it  was  used  as  tempering  material,  which  was  unprece¬ 
dented  earlier,  and  the  use  of  graphite-coating/decorating  tech¬ 
niques  decreased  then  later  disappeared.  The  Celts  started  using 
graphite  during  the  early  La  Tene  period  (Jerem  and  Kardos,  1985), 
but  this  practice  became  more  common  during  the  early  LT  B2 
(beginning  of  the  3rd  century  BC)  in  the  Carpathian  Basin  (Szabo, 
2007,  317—318).  From  this  period  graphite-tempered  pottery  was 
a  substantial  element  of  Central  European  Celtic  pottery  assem¬ 
blages  right  up  until  the  decline  of  the  Celtic  world  (first  half  of  the 
1st  century  AD  in  Hungary)  (Trebsche,  2011).  Curiously  enough,  as 
opposed  to  many  other  pottery  forms  and  techniques,  Celtic 
graphite-tempered  wares  were  not  adopted  for  use  by  the  Romans. 
Since  Celtic  graphite-tempered  pottery  technology  was  discussed 
elsewhere  (Kreiter  et  al.,  2013b)  we  do  not  deal  with  this  subject 
here. 


According  to  the  above,  several  methods  of  graphite  decoration 
can  be  distinguished  and  these  techniques  could  also  be  combined. 
Researchers  considered  that,  if  the  raw  material  was  pure  enough, 
graphite  could  have  been  rubbed  on  the  surface  of  vessels  or  it 
could  have  been  used  as  a  crayon.  Otherwise  it  may  have  been 
applied  as  liquid  suspension  (Frierman,  1969,  43;  Evans,  1986,  397; 
Yiouni,  2000,  209;  Vajsov,  2007,  98;  Trebsche,  2011,  449-451). 
Graphite  slip  is  assumed  to  be  used  for  coating  from  the  Late  Bronze 
Age  to  achieve  a  metallic  shine,  however  it  is  not  underlined 
scientifically  how  graphitic  slip  was  made  and  how  one  may 
distinguish  between  graphitic  slip,  graphite  burnishing  and  other 
ways  of  graphite  application.  Several  graphite  prisms  are  known  at 
sites,  far  away  from  the  geological  sources  of  graphite  (e.g.  Groh, 
1984,  61,  Fig.  6.13-15;  Gati,  2009,  66,  Fig.  4.12-13),  which  may 
reinforce  the  above-mentioned  existence  of  burnishing/drawing/ 
polishing  methods,  especially  in  the  Early  Iron  Age  and  sheds 
further  light  on  exchange  networks. 

The  use  of  graphite  for  ceramic  production,  since  it  burns  off 
easily,  required  a  very  well  controlled  firing  technology  which  may 
have  been  different  from  the  previous  practice  of  vessel  firings; 
thus  its  utilization  resulted  in  the  emergence  of  new  ceramic  styles 
characterized  by  black  vessels  (Vajsov,  2007,  98).  The  firing  tem¬ 
peratures  of  graphite-coated/decorated  ceramics  from  Chalcolithic 
and  Iron  Age  sites  seem  to  be  below  850  °C  but  in  some  cases  below 
650  °C  (Maniatis  and  Tite,  1981,  75;  Jerem  and  Kardos,  1985,  69; 
Gebhard  et  al.,  2004,  210;  Havancsak  et  al.,  2009,  48—49;  Kreiter 
et  al.,  2013a,  485,  487). 

Researchers  agree  that  graphite-coated/decorated  vessels  had  to 
be  fired  under  reducing  conditions  (Yiouni,  2000,  209;  Berdelis, 
2002)  but  no  detailed  study  explains  the  whole  production 
sequence  that  was  necessary  to  achieve  a  lustrous  black  vessel  with 
metallic  appearance. 

In  the  light  of  the  above  it  is  clear  that  several  interpretations 
were  made  about  graphite  coating/decoration.  However,  no  clear 
technological  descriptions  exist  on  the  whole  production  sequence 
of  graphite  coating/decoration.  Therefore,  in  the  following  sections 
the  results  of  a  set  of  experiments  are  introduced  on  different  ways 
of  graphite  coating. 

2.  Methodological  approach  of  the  experiment 

The  experiment  was  carried  out  on  small  cylindrical  vessels 
made  by  the  authors  (Fig.  1.1)  from  commercially  available  clay 
called  Kishajmas  type,  which  is  widely  used  in  Hungary  by  potters. 
No  attempt  was  made  to  reproduce  archaeological  vessel  forms;  the 
aim  of  this  experiment  is  to  assess  how  graphite  coating  was  pro¬ 
duced  and  how  such  vessels  could  have  been  fired.  The  prepared 
vessels  provide  a  large  enough  surface  to  observe  the  results  of  the 
experiment.  The  raw  graphite  used  for  this  experiment  was  ob¬ 
tained  from  Menfocsanak— Szeles  foldek  (N— W  Hungary)  archae¬ 
ological  site,  the  graphite  lumps  were  found  in  Celtic  features  (3rd 
century  BC)  (Fig.  1.2).  The  experiment  was  designed  to  combine 
different  graphite  coating  methods,  surface  treatments,  firing 
temperatures  and  firing  circumstances.  As  a  result,  a  total  of  27 
graphite-coated  vessels  were  manufactured.  The  processes  they 
were  subjected  to  are  summarized  in  Appendix  1. 

During  the  experiment  the  following  questions  were  examined: 

The  first  question  concentrated  on  how  graphite  may  have 
been  applied  on  vessel  surfaces  by  prehistoric  potters.  Was 
graphite  applied  in  powder  form  or  as  suspension,  or  were 
graphite  lumps  rubbed  on  the  surface?  Was  graphite  applied  on  a 
dry  or  leather  hard  vessel  surface  and  was  graphite  applied  before 
or  after  firing? 

The  second  question  regarded  the  surface  treatments  of  vessels, 
which  seem  vital  to  achieve  metallic  luster.  It  was  investigated 
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Fig.  1.  1.  Original  leather  hard  vessel;  2.  Raw  graphite  used  for  the  experiment;  3.  Grinding  stone  and  raw  graphite  (note  the  rounded  edges  of  the  graphite  after  rubbing  it  against 
the  grinding  stone);  4.  Making  graphite  powder  by  rubbing  graphite  lumps  together;  5.  Graphite  powder  gained  by  grinding. 


whether  surface  treatments  were  applied  before  or  after  graphite 
coating,  and  whether  on  dry,  leather  hard  or  perhaps  fired  vessels. 

The  third  question  focused  on  the  firing  temperature  and  at¬ 
mosphere  to  be  necessary  for  graphite-coated  wares,  since  graphite 
burns  off  easily  if  the  atmosphere  is  inappropriately  controlled 
(Kreiter  et  al.,  2013b). 

2.2.  Making  graphite  powder  and  graphitic  suspension 

During  the  experiment  graphite  powder  and  graphitic  suspen¬ 
sion  were  used.  Graphite  powder  (Fig.  1.5)  can  be  produced  in 
several  ways:  graphite  is  relatively  soft  (Mosh  1—2),  therefore 
graphite  powder  could  be  made  without  difficulty  by  rubbing  a 
graphite  lump  against  a  sandstone  grinding  stone  (Fig.  1.3)  or 
rubbing  graphite  lumps  together  (Fig.  1.4).  The  result,  in  both  cases, 
was  a  fine  graphite  powder  (Fig.  1.5).  We  also  ground  graphite 
lumps  in  a  modern  mortar.  This  way  of  grinding  could  also  have 
been  achieved  by  prehistoric  potters  using  a  grinding  stone  and  a 
grinding  lap.  The  result  of  the  different  ways  of  achieving  graphite 
powder  was  similar;  in  all  cases  a  suitable-sized  graphite  powder 
was  gained.  Suspension  was  made  by  mixing  10  g  clay  (the  same 
type  used  for  the  vessels)  with  10  g  graphite  powder  and  mixed 
with  water  until  it  became  a  suspension  suitable  for  covering  a 
vessel.  Another  type  of  suspension  was  also  made  by  mixing 
graphite  powder  with  water  only. 

2.2.  Applying  graphite  on  vessel  surfaces 

Graphite  powder  was  applied  on  both  dry  and  leather  hard 
vessels  prior  to  firing  and  also  after  firing.  We  also  made  vessels 


covered  with  different  types  of  suspensions,  and  raw  graphite 
lumps  were  also  used  (like  crayons),  to  make  vessels  graphitic: 

-Applying  graphite  powder  on  leather  hard  vessels:  Graphite 
powder  was  sprinkled  on  vessel  surfaces  and  slightly  rubbed  by 
hand  followed  by  other,  if  any,  surface  treatments  (see  Section 

2.3,  Samples  1—3,  5—15, 20—22).  Leather  hard  vessels  seem  to  be 
ideal  candidates  for  graphite  coating  because  graphite  adhered 
to  the  vessel  surfaces  properly. 

-Applying  raw  graphite  lumps  on  leather  hard  vessels:  A  raw 
graphite  lump  was  rubbed  on  vessel  surfaces  (Samples  4, 16—18) 
during  which  graphite  should  have  worked  as  a  burnishing  tool, 
however,  burnishing  with  graphite  lumps  turned  out  to  be  a 
disadvantageous  practice.  Raw  graphite  had  sharp  edges,  which 
scratched  the  vessels;  therefore  without  modification  they  are 
unsuitable  for  rubbing.  Their  edges  had  to  be  ground  down  on  a 
grinding  stone  or  graphite  lumps  could  be  rubbed  against  each 
other  to  create  a  rounded  surface.  This  process  is  time 
consuming  and  seems  unnecessary  since  grinding  a  graphite 
lump  on  a  stone  or  against  each  other  itself  resulted  in  graphite 
powder  that  could  easily  be  used  for  vessel  coating  very  effi¬ 
ciently.  However,  this  was  not  the  main  problem  with  raw 
graphite.  During  the  rubbing  of  a  graphite  prism  against  the 
vessel  surface  its  pores  became  filled  with  clay  and  the  graphite 
became  unsuitable  for  this  practice  in  a  matter  of  seconds; 
graphite  just  slid  on  the  vessel  surface  without  making  it 
properly  graphitic.  This  problem  could  be  solved  by  rubbing  the 
graphite  on  a  grinding  stone  to  create  afresh  surface  but  after  a 
few  rubbings  the  graphite  again  became  unsuitable  for  this 
purpose.  Another  problem  with  raw  graphite  is  that  its  impu¬ 
rities,  such  as  the  rock  incorporating  graphite,  calcareous  and 
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Fig.  2.  Results  of  different  surface  treatments.  1.  Burnished  with  raw  graphite  (Sample  17);  2.  Polished  with  sheep  leather  (Sample  14);  3.  Polished  with  sheep  wool  (Sample  12);  4. 
Burnished  with  pebble  (Sample  7);  5.  Dried  sample  covered  with  graphite  powder  and  burnished  with  pebble  (Sample  19);  6.  Samples  which  were  first  surface-treated  then  were 
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iron  oxide  veins/inclusions  within  the  graphite  lump,  scratched 
the  surface  of  the  vessel.  In  summary,  graphite  lumps  turned  out 
to  be  the  least  suitable  candidates  for  graphite  coating;  their 
utilization  was  much  more  time  consuming,  less  effective  and 
visually  less  appealing. 

-Applying  graphitic  suspension  on  leather  hard  vessels:  A  leather 
hard  vessel  (Sample  23)  was  coated  with  graphitic  suspension 
made  of  clay  (10  g  clay  +  10  g  graphite  powder  +  water).  A 
further  vessel  (Sample  27)  was  coated  with  a  mixture  of 
graphite  powder  and  water  (10  g  graphite  powder  +  water). 
Both  suspensions  adhered  to  the  vessel  surfaces  properly. 
-Applying  graphite  powder  on  a  dried  vessel  with  no  surface 
treatment:  A  dried  vessel  (Sample  19)  with  no  surface  treatment 
was  sprinkled  with  graphite  powder  and  rubbed  by  hand.  This 
vessel  turned  out  to  be  unsuitable  for  graphite  coating;  graphite 
did  not  adhere  properly  on  its  surface.  Therefore,  the  experi¬ 
ment  was  not  continued  on  dried  vessels. 

-Applying  graphite  powder  on  fired  vessels  with  no  surface  treat¬ 
ment:  Graphite  powder  was  applied  on  vessels  (Samples  24—25) 
already  fired  in  reducing  conditions.  These  vessels  did  not  have 
surface  treatments  prior  to  firing.  After  firing  they  were  sprin¬ 
kled  with  graphite  powder,  rubbed  by  hand  and  one  of  them 
was  burnished  with  pebble  (24)  and  the  other  with  sheep 
leather  (25)  (see  Section  2.3).  The  graphite  did  not  adhere  to  the 
vessels  properly  —  it  could  be  rubbed  off.  Therefore,  the  exper¬ 
iment  was  not  continued  on  fired  vessels. 

2.3.  Surface  treatments 

Surface  treatments  were  applied  prior  to  or  after  graphite 
coating,  or  after  firing  as  well,  in  order  to  assess  the  traces  of  different 
surface  treatments  and,  in  turn,  to  understand  which  method  may 
have  been  used  by  prehistoric  potters  to  achieve  the  most  lustrous 
vessel  surface.  The  most  common  objects  were  used  for  surface 
treatments,  which  were  readily  available  for  prehistoric  potters, 
such  as  pebble,  sheep  leather,  sheep  wool  and  raw  graphite.  The 
term  burnishing  is  used  for  surface  treatment  with  hard  objects  such 
as  pebble  and  raw  graphite.  The  term  polishing  is  used  for  surface 
treatment  with  soft  objects  such  as  sheep  leather  and  sheep  wool. 

-Surface  treatment  in  the  case  of  using  a  raw  graphite  lump 
(Fig.  2.1 ):  When  a  graphite  lump  was  used  like  a  crayon  to  make 
a  vessel  surface  graphitic  (Samples  4, 16—18),  no  further  surface 
treatment  was  applied;  since  graphite  behaved  as  a  burnishing 
tool,  however,  as  it  was  mentioned  above,  it  rendered  vessel 
surfaces  very  scratchy  and  streaky. 

-Surface  treatment  of  leather  hard  vessels  after  graphite  powder 
coating:  After  sprinkling  and  rubbing  graphite  powder  onto 
vessel  surfaces  with  the  hand  the  following  surface  treatments 
were  applied  in  order  to  distribute  graphite  evenly,  to  increase 
cohesion  between  graphite  and  clay,  and  to  increase  the  metallic 
luster  of  vessels: 

-polished  the  vessels  with  sheep  leather  (Fig.  2.2)  (Samples  3, 
13-15) 

-polished  the  vessels  with  sheep  wool  (Fig.  2.3)  (Samples  2, 
10-12) 

-burnished  the  vessels  with  pebble  (Fig.  2.4)  (Samples  1,  5—9) 

The  use  of  sheep  leather  and  wool  for  polishing  made  surfaces 
fairly  shiny  and  lustrous,  but  also  rather  scratchy  and  streaky, 


rendering  the  end  product  visually  less  appealing.  The  most 
lustrous  and  metallic  appearance  of  the  surfaces  was  undoubtedly 
achieved  by  pebble  burnishing. 

-Surface  treatment  of  dried  vessels  after  graphite  powder  coating 
(Fig.  2.5):  One  vessel  (Sample  19)  was  dried,  then  graphite 
powder  was  sprinkled  on  its  untreated  surface,  it  was  rubbed  by 
hand  and  burnished  with  pebble.  The  pebble  made  the  dry 
surface  very  scratchy;  graphite  did  not  adhere  to  the  vessel 
properly. 

-Surface  treatment  prior  to  graphite  powder  coating  on  leather 
hard  vessels  (Fig.  2.6):  One  leather  hard  vessel  (Fig.  2.6a,  Sample 
20)  was  first  burnished  with  pebble  then,  while  it  was  still 
leather  hard,  it  was  sprinkled  with  graphite  powder  and  rubbed 
with  the  hand.  This  sample  shows  a  similar  luster  to  those  which 
were  first  sprinkled  with  graphite  powder  then  were  burnished 
with  pebble.  Another  leather  hard  vessel  (Fig.  2.6b,  Sample  22) 
was  polished  with  sheep  leather  then,  while  it  was  still  leather 
hard,  it  was  coated  with  graphite  powder  and  rubbed  with  the 
hand.  This  sample  shows  similarity  to  other  leather-polished 
samples.  It  seems  that  graphite  can  be  applied  before  or  after 
surface  treatment  as  long  as  the  surface  is  still  leather  hard;  the 
vessel  surfaces  would  be  lustrous  and  graphite  would  adhere  to 
the  surface  properly.  The  above-mentioned  vessels  were  then 
fired  in  reducing  conditions  (see  Section  2.4).  One  sample 
(Fig.  2.6c,  Sample  26)  was  burnished  with  pebble  then  was  fired 
in  reducing  conditions  followed  by  graphite  powder  coating, 
which  was  rubbed  on  the  surface  with  the  hand.  This  practice 
seemed  futile:  similarly  to  Samples  24—25,  graphite  did  not 
adhere  properly  to  the  surface;  it  could  be  rubbed  off. 

-Surface  treatment  after  graphitic  suspension  coating  (Fig.  2.7): 
One  vessel  (Fig.  2.7a,  Sample  23)  was  coated  with  graphitic 
suspension  made  of  clay.  Another  vessel  (Fig.  2.7b,  Sample  27) 
was  coated  with  a  mixture  of  graphite  powder  and  water.  After 
the  vessels  became  leather  hard  both  were  burnished  with 
pebble.  These  vessels  show  high  metallic  luster,  similar  to  the 
samples  which  were  coated  with  graphite  powder  and  bur¬ 
nished  with  pebble.  Both  types  of  suspensions  bonded  similarly 
to  vessel  surfaces  and  both  have  similar  metallic  luster.  It  seems 
that  if  clay-based  graphitic  suspension  is  used  (Sample  23),  the 
ratio  of  graphite  to  clay  should  be  at  least  50%.  This  amount  of 
graphite  in  the  mixture  ensures  a  similar  appearance  to  graphite 
powder  coating. 

-Surface  treatments  after  firing  (Fig.  2.8):  The  surfaces  of  two 
vessels  (Samples  24—25)  were  untreated  before  firing.  After 
firing  they  were  sprinkled  with  graphite  powder  then  one  of 
them  (Fig.  2.8a,  Sample  24)  was  burnished  with  pebble  and  the 
other  (Fig.  2.8b,  Sample  25)  was  polished  with  sheep  leather. 
These  processes  resulted  in  scratched,  less  lustrous  surfaces. 
Moreover,  graphite  did  not  adhere  to  the  vessel  surfaces  prop¬ 
erly,  both  vessels  left  graphitic  marks  on  the  hand,  and  the 
graphite  could  be  rubbed  off. 

2.4.  Firing  atmospheres  and  temperatures  of  graphite  coated  vessels 

Firing  graphitic  pottery  is  a  tricky  business  since  graphite  burns 
off  easily  at  a  relatively  low  temperature  (Kreiter  et  al.,  2013b,  176). 
Even  though  it  is  well-known  that  graphite  burns  off  at  a  relatively 
low  temperature  in  oxidizing  circumstances,  we  still  carried  out 
experiments  under  such  conditions  in  order  to  assess  how  different 


covered  with  graphite  powder:  6a.  Burnished  with  pebble  prior  to  graphite  coating  and  firing  (Sample  20),  6b.  Polished  with  sheep  leather  prior  to  graphite  coating  and  firing 
(Sample  22),  6c.  Burnished  with  pebble,  fired,  then  covered  with  graphite  powder  and  rubbed  with  the  hand  (Sample  26);  7.  Suspension-coated  vessels  which  were  burnished  with 
pebble:  a.  Suspension  made  from  clay  (Sample  23),  b.  Suspension  made  with  water  (Sample  27);  8.  Surface  treatments  after  firing  of  graphite-coated  samples:  a.  Burnished  with 
pebble  (Sample  24),  b.  Polished  with  sheep  leather  (Sample  25). 
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technologies,  in  particular  surface  treatments,  affect  the  cohesion 
between  graphite  and  the  vessel  surface.  The  firings  were  per¬ 
formed  in  a  Nabertherm  L15/12/320  type  electric  kiln.  No  attempt 
was  made  to  reproduce  prehistoric  firing  conditions  in  pit  or  open 
firing.  The  aim  was  to  reproduce  and  maintain  the  most  desired 
firing  circumstances  in  order  to  achieve  a  high  metallic  luster. 
Appendix  1  shows  the  firing  atmosphere  and  temperature  of  each 
sample  while  Table  1  shows  the  heating  parameters  of  the  vessels. 

Four  samples  with  different  surface  treatments  (Samples  1—4) 
were  fired  at  700  °C  in  oxidizing  condition  (Fig.  3).  Graphite  burned 
off  the  surfaces  of  the  vessels  almost  completely;  however,  in  the 
case  of  pebble-burnished  sample  (Fig.  3.1)  some  graphite  still 
remained  on  the  surface  and  the  leather-polished  one  also  showed 
graphite  remains  (Fig.  3.3).  The  results  indicate  that  the  cohesion 
between  graphite  and  clay  was  the  strongest  in  the  case  of  pebble 
burnishing.  Since  graphite  disappeared  at  a  relatively  low  tem¬ 
perature  in  oxidizing  conditions  we  did  not  fire  further  vessels  at 
higher  temperatures  under  this  firing  condition. 

The  experiment  was  continued  with  reducing  firing  conditions. 
Vessels  with  different  surface  processing  were  fired  at  700,  750  and 
800  °C.  Reducing  condition  was  achieved  by  placing  the  vessels  into 
heat  resistant  steel  boxes,  in  which  the  vessels  were  covered  with 
wood  chipping  then  the  boxes  were  covered  with  a  steel  lid  (Fig.  4). 
Vessels  fired  in  this  way  showed  metallic  luster  at  all  the  above- 
mentioned  temperatures  and  their  graphite  coating  also  remained 
intact  (Fig.  5).  Since  graphite  remained  on  the  vessels  in  mint  con¬ 
dition  in  reducing  firing,  we  fired  further  two  pebble  burnished 
vessels,  also  in  reducing  conditions,  at  temperatures  of  900  and 
1000  °C  in  order  to  test  how  increased  temperature  affects  graphite 
coating  in  terms  of  texture  and  luster.  We  did  not  fire  graphite-coated 
vessels  at  higher  temperatures  because  the  available  data  suggest 
that  prehistoric  potters  usually  fired  their  graphitic  vessels  between 
700  and  900  °C.  Graphitic  luster  remained  intact  at  both  900  and 
1000  °C,  although  at  1000  °C  the  top  and  bottom  of  the  sample 
became  slightly  oxidized  as  a  result  of  uneven  distribution  of  wood 
chipping  which  covered  the  sample.  Nevertheless,  on  the  majority  of 
this  vessel  graphite  also  remained  in  perfect  condition.  This  indicates 
that  graphite-coated  vessels  could  be  fired  at  a  wide  range  of  tem¬ 
peratures  as  long  as  the  atmosphere  remains  completely  reduced. 

The  different  firing  temperatures  do  not  seem  to  affect  the 
metallic  appearance  of  the  vessels;  however,  it  seems  that  it  is  the 
surface  treatment  that  is  vital  to  achieving  a  metallic  luster.  It  must 
also  be  noted  that  after  firing  the  graphitic  surfaces  did  not  leave 
smudges  on  the  hand;  graphite  adhered  to  the  surfaces  properly. 
Vessels,  however,  which  were  coated  with  graphite  after  firing  left 
smudges  on  the  hand  and  the  graphite  could  be  rubbed  off  the 
vessel  surfaces.  Therefore,  it  seems  that  reducing  atmosphere  is 
essential  to  finalize  the  cohesion  between  graphite  and  vessel  sur¬ 
face,  otherwise  graphite  can  be  rubbed  off  or  would  be  worn  off 
during  the  use  of  the  vessel. 

3.  Correlating  the  results  with  archaeological  samples 

In  order  to  understand  the  practice  of  graphite  coating  further, 
the  results  of  the  experiments  were  compared  with  graphite 


coating  on  archaeological  ceramics  by  using  an  AMRAY  1830 
scanning  electron  microscope  (SEM)  with  EDAY  PV9800  Energy- 
dispersive  X-ray  spectroscope.  Graphite  coating  was  examined  on 
two  experimental  samples,  which  show  the  greatest  similarity  to 
archaeological  samples  in  terms  of  texture  and  luster: 

Sample  6:  graphite  powder  was  sprinkled  on  a  leather  hard 
surface  then  was  burnished  with  pebble  and  fired  in  reducing 
conditions  at  750  °C; 

Sample  23:  it  was  coated  with  graphitic  suspension  made  with 
clay  then  was  burnished  with  pebble  and  fired  in  reducing  condi¬ 
tions  at  750  °C. 

The  graphite  coatings  of  these  samples  were  compared  with  two 
Late  Bronze  Age  samples  from  Tiszabura— Bonishat,  Hungary 
(1310—1190  cal.  BC),  from  where  65  graphite-coated  ceramics  were 
examined  macroscopically  and  with  a  stereo  microscope  (x20— 30) 
in  order  to  assess  how  graphite  coating  may  have  been  applied.  The 
ceramics  show  that  graphite  seems  to  be  applied  directly  onto 
vessel  surfaces  or  as  suspension,  although  different  surface  treat¬ 
ments  were  identified:  streaks  made  by  pebble  burnishing  and 
streaks/scratches  made  by  an  unknown  material  (leather,  or  other 
organic  material).  Since  only  two  methods  of  applying  graphite 
were  identified  on  the  ceramics,  two  samples  representing  these 
practices  were  chosen  for  SEM. 

One  amphora  neck  fragment  (Inv.No.  2010.5.213.226/S285) 
shows  marks  of  pebble-burnished  graphite  coating  on  its  exterior, 
while  its  interior  is  not  graphitic.  This  sample  showed  the  highest 
luster  among  the  examined  ones.  The  second  sample  (Inv.No. 
2010.5.213.223/S385),  a  rim  of  an  amphora,  shows  graphitic  sus¬ 
pension  on  its  interior  (it  peeled  off  at  places),  while  its  exterior  is 
also  graphitic  but  it  seems  that  graphite  was  directly  applied  onto 
the  surface  and  no  suspension  was  used.  The  surfaces  of  this  vessel 
were  worn,  but  some  surface  marks  suggest  pebble  burnishing. 

SEM  indicates  similarities  between  Sample  6  and  the  amphora 
neck  (Inv.No.  2010.5.213.226/S285)  in  terms  of  graphite  coating, 
although  the  archaeological  sample  shows  thicker  graphite  on  its 
exterior  (Figs.  6.1a,  6.3a,  7.2—4,  7.6).  SEM  analysis  also  helped  to 
assess  how  surface  treatment  affects  the  orientation  and  distribu¬ 
tion  of  graphite  on  vessel  surfaces.  As  it  was  mentioned  earlier 
burnishing  with  pebble  resulted  the  best  cohesion  between 
graphite  and  vessel  surface  during  the  experiment.  According  to  the 
SEM  analysis  of  Sample  6,  pebble  burnishing  also  oriented  graphite 
flakes  parallel  to  the  vessel  wall  (Figs.  6.1a,  7.2—4).  Similar  orien¬ 
tation  can  be  observed  on  the  examined  amphora  neck  that  is 
assumed  to  be  burnished  with  pebble  (Figs.  6.3a,  7.6).  Therefore,  it 
seems  likely  that  the  examined  ceramic  was  indeed  burnished  with 
pebble  or  at  least  with  a  hard  and  smooth  object. 

The  suspension  coating  on  the  interior  of  an  amphora  rim 
(Inv.No.  2010.5.213.223/S385)  also  shows  similarities  to  the 
experimental  sample  (23);  the  suspensions  on  both  samples  can 
clearly  be  identified  by  SEM  (Figs.  6.2a,  6.5a,  8.2,  8.4,  8.6).  The 
exterior  of  this  urn  is  also  graphitic,  but  graphite  seems  to  be 
applied  directly  on  the  vessel  surface  and  no  suspension  boundary 
could  be  identified.  The  thickness  of  graphite  on  the  exterior  shows 
similarities  to  that  of  the  other  amphora  and  the  experimental 
sample. 


Table  1 

Firing  circumstances  of  the  samples. 


Sample  no. 

Heating  time 

Soaking  time 

Firing  condition 

Maximum  °C 

1-4 

90  min  to  400  °C  then  90  min  to  700  °C  in  oxidizing  conditions 

Oxidizing 

700 

5,  10,  13,  16 

90  min  to  400  °C  then  90  min  to  700  °C  in  reducing  conditions 

Reducing 

700 

6,  11,  14,  17,  19-27 

90  min  to  400  °C  then  90  min  to  750  °C  in  reducing  conditions 

None,  the  kiln  was  switched 

Reducing 

750 

7,  12,  15,  18 

90  min  to  400  °C  then  90  min  to  800  °C  in  reducing  conditions 

off  and  let  it  cool 

Reducing 

800 

8 

90  min  to  400  °C  then  90  min  to  900  °C  in  reducing  conditions 

Reducing 

900 

9 

90  min  to  400  °C  then  90  min  to  1000  °C  in  reducing  conditions 

Reducing 

1000 
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Fig.  3.  Vessels  fired  in  oxidized  conditions  at  700  °C  (Samples  1-4).  Note  that  the  first,  pebble-burnished,  sample  shows  the  most  remaining  graphite  after  firing. 


It  must  be  noted  that  macroscopically  the  vessels  seem 
completely  graphitic;  however,  according  to  the  SEM  analysis 
vessel  surfaces  are  not  entirely  covered  with  graphite  (Figs.  6.1b, 
6.2b,  6.3b,  6.4b,  7.1,  7.5,  8.1,  8.5),  which  explains  why  the  cross- 
section  of  the  samples  in  the  SEM  do  not  always  show  contin¬ 
uous  graphite  coating.  The  amount  and  distribution  of  graphite  on 
vessel  surfaces  affect  the  luster  and  metallic  appearance  of  the 
vessels.  It  seems  that  when  vessel  surfaces  are  burnished  with 
pebble  (or  with  a  hard  and  smooth  tool),  graphite  flakes  are 
distributed  evenly  on  the  surface  irrelevant  whether  graphite 
powder  or  graphitic  suspension  was  used  (Figs.  6.1b,  6.3b,  7.1,  7.5, 
8.1).  For  example,  an  apparent  similarity  in  graphite  distribution 
can  be  observed  on  Fig.  7.1  (graphite  powder)  and  Fig.  8.1  (graphitic 
suspension).  The  exterior  surface  of  one  of  the  examined  urns, 
which  showed  the  highest  luster  among  the  examined  ceramics, 


exhibits  relatively  well-distributed  graphite  flakes  (Fig.  6.3b).  The 
exterior  surface  of  the  other  urn  is  quite  worn  and  less  lustrous;  the 
graphite  distribution  on  this  ceramic  is  less  even  may  be  due  to  use 
wear  or  post  depositional  circumstances  (Figs.  6.4b,  8.5). 

In  summary,  as  a  result  of  pebble  burnishing,  the  orientation  of 
graphite  flakes  and  their  even  distribution  on  vessel  surfaces 
enhanced  the  metallic  luster  of  the  vessels.  Therefore,  vessels  made 
by  this  technique  are  the  most  reminiscent  of  metal  vessels. 

4.  Discussion:  recipe  for  making  graphite-coated  vessels  with 
metallic  luster 

The  range  of  experiments  introduced  in  this  study  provides  ar¬ 
chaeologists  with  a  fundamental  tool  in  understanding  how  pre¬ 
historic  potters  may  have  made  graphite-coated  pottery  and  what 


Fig.  4.  1.  Preparing  a  sample  for  firing;  2.  Samples  after  firing. 
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Fig.  5.  Selection  of  fired  samples  (except  Fig.  5.13)  with  different  surface  treatments.  1.  Burnished  with  pebble  (Sample  7);  2.  Polished  with  sheep  wool  (Sample  12);  3.  Polished  with 
sheep  leather  (Sample  14);  4.  Burnished  with  graphite  lump  (Sample  17);  5.  Graphite  powder  applied  on  a  dry  surface  then  it  was  burnished  with  pebble  (Sample  19);  6.  Leather 
hard  surface  was  burnished  then  it  was  rubbed  with  graphite  powder  (Sample  20);  7.  Graphite  powder  was  rubbed  on  a  leather  hard  surface  (Sample  21);  8.  Leather  hard  surface 
was  polished  with  sheep  leather  then  it  was  covered  with  graphite  powder  and  rubbed  with  the  hand  (Sample  22);  9.  Suspension-coated  (graphite  +  water)  and  burnished  with 
pebble  (Sample  27);  10.  Suspension-coated  (clay  +  graphite  +  water)  and  burnished  with  pebble  (Sample  23);  11.  Fired  in  reducing  conditions,  covered  with  graphite  powder  and 
burnished  with  pebble  (Sample  24);  12.  Fired  in  reducing  conditions,  covered  with  graphite  powder  and  burnished  with  sheep  leather  (Sample  25);  13-15.  Leather  hard  surface  was 
burnished  with  pebble  prior  to  graphite  treatment  (13)  then  it  was  fired  in  reducing  conditions  (14)  and  was  rubbed  with  graphite  powder  (15)  (Sample  26). 
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Fig.  6.  1.  Pebble-burnished  vessel  (Sample  6):  la.  Thickness  of  graphite  coating,  lb.  Graphite  distribution  on  the  vessel  surface;  2.  Suspension-coated  sample  (Sample  23):  2a.  The 
dashed  line  marks  the  thickness  of  suspension  coating  (the  black  inclusions  are  graphite  flakes),  2b.  Graphite  distribution  on  the  vessel  surface;  3.  Amphora  neck  fragment  (Inv.No. 
2010.5.213.226/S285):  3a.  Thickness  of  graphite  coating,  3b.  Graphite  distribution  on  the  vessel  surface;  4.  Amphora  rim  fragment  (Inv.No.  2010.5.213.223/S385)  exterior:  4a. 
Thickness  of  graphite  coating,  4b.  Graphite  distribution  on  the  vessel  surface.  5.  Interior  of  the  same  amphora  on  Fig.  6.4.  5a.  Thickness  of  clayey  suspension.  Note  the  non-graphitic 
parts  between  graphite  flakes  on  Figs  6.1b,  6.2b,  6.3b,  6.4b. 
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Fig.  7.  1.  Graphite  distribution  on  the  surface  of  experimental  Sample  6  (see  Fig.  6.1b  for  a  higher  magnification  image);  2-4.  Thickness  of  graphite  coating  on  experimental  Sample 
6  (see  Fig.  6.1a  for  comparison);  5.  Graphite  distribution  on  the  surface  of  the  amphora  neck  (lnv.No.  2010.5.213.226/S285)  (see  Fig.  6.3b  for  a  higher  magnification  image);  6. 
Thickness  of  graphite  coating  on  the  amphora  neck  (lnv.No.  2010.5.213.226/S285)  (see  Fig.  6.3b  for  comparison). 


kind  of  technological  challenges  potters  faced.  The  analysis  of 
technical  data  derived  from  graphite  coated  archaeological  ce¬ 
ramics  compared  with  the  results  of  this  experiment  has  shown 
that  we  can  clearly  identify  those  practices  which  are  the  most 
appropriate  for  producing  vessels  with  high  luster.  It  seems  that 
graphite  can  be  applied  before  or  after  surface  treatment  as  long  as 
the  surface  is  leather  hard,  although  applying  graphite  before  sur¬ 
face  treatment  is  the  most  advantageous  since  surface  treatment,  in 
particular  pebble  burnishing,  increased  the  bonding  between 
graphite  and  clay.  Graphite  did  not  adhere  properly  on  dry  or  fired 
vessels;  these  practices  are  disadvantageous  and  were  probably  not 
applied  by  prehistoric  potters. 

Both  graphite  powder  and  graphitic  suspension  were  suitable 
methods  of  covering  the  vessels,  although  making  a  suspension 
seems  to  be  an  unnecessary  step  in  the  production  sequence  of 
graphite  coating  since  the  use  of  graphite  powder  has  the  same 
result  while  the  use  of  suspension  slows  down  ceramic  production: 
after  covering  the  vessel  with  suspension  the  vessel  needs  further 


time  to  became  leather  hard  again  in  order  to  utilize  any  surface 
treatment  and  differences  in  the  thickness  of  the  clayey  suspension 
makes  the  vessel  surface  uneven  and  more  difficult  to  burnish  (see 
Fig.  6.10).  Nevertheless,  the  use  of  clayey  suspension  could  be 
identified  at  archaeological  sites,  just  as  at  Tiszabura. 

The  use  of  pebble  (or  other  hard  and  smooth  tool)  for  burnishing 
graphite-coated  vessels  seems  to  be  the  ideal  candidate  to  achieve 
the  most  lustrous  surface.  Archaeological  samples  reinforce  this 
assumption  showing  narrow  streaks  made  by  a  hard  and  smooth 
burnishing  tool.  Sheep  leather  and  wool  leave  characteristic  streaks 
and  scratches  on  vessel  surfaces,  which  could  not  be  correlated 
with  the  marks  found  on  the  Tiszabura  ceramics.  The  streaks  and 
scratches  on  the  Tiszabura  ceramics  are  different,  suggesting  that 
different  materials  may  have  been  used  to  polish  these  vessels  (e.g. 
different  type  of  leather/fur).  Raw  graphite,  which  seems  to  be  a 
straightforward,  readily  available  tool  for  making  graphite-coated 
vessels  (as  crayon)  turned  out  to  be  unsuitable  for  this  practice. 
Nevertheless,  rounded  graphite  prisms  are  found  at  excavations, 
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Fig.  8.  1.  Graphite  distribution  on  the  surface  of  experimental  Sample  23  (see  Fig.  6.2b  for  a  higher  magnification  image);  2.  The  dashed  line  marks  the  thickness  of  suspension 
coating  on  experimental  Sample  23  (the  black  inclusions  are  graphite  flakes,  see  Fig.  6.2a  for  comparison);  3.  Graphite  bearing  rock  within  the  suspension  of  experimental  Sample 
23;  4.  The  dashed  line  marks  the  thickness  of  easily  distinguishable  suspension  coating  on  experimental  Sample  23  (see  Fig.  6.2a  for  comparison);  5.  Graphite  distribution  on  the 
exterior  surface  of  the  amphora  rim  (Inv.No.  2010.5.213. 223/S385)  (see  Fig.  6.4b  for  a  higher  magnification  image);  6.  easily  distinguishable  suspension  coating  on  the  interior  of  the 
amphora  rim  (Inv.No.  2010.5.213.223/S385)  (see  Fig.  6.5a  for  comparison). 


such  as  at  Tiszabura.  These  prisms  may  have  been  the  leftovers  of 
graphite  after  grinding  (See  Fig.  1.3).  Since  in  the  Late  Bronze  Age 
Carpathian  Basin  graphite  was  only  used  to  coat  vessels  and 
graphitic  motifs  did  not  exist,  these  graphite  lumps  may  not  have 
been  used  as  crayons.  In  the  Hallstatt  period,  however,  apart  from 
vessel  coating,  motifs  drawn  by  graphite  are  also  common.  There¬ 
fore,  the  appearance  of  graphite  prisms  in  this  period  could  indicate 
that  they  may  have  been  used  to  draw  patterns  of  decorations. 

According  to  the  experiments,  the  best  recipe  for  making 
graphite-coated  pottery  with  the  highest  metallic  luster  is  the 
following: 

-Take  some  lumps  of  raw  graphite  and  grind  them  on  a  grinding 
stone,  or  rub  them  against  each  other,  or  smash  them  with  a 
stone.  The  finer  the  graphite  powder  the  better  it  adheres  to  the 
vessel  wall. 


-Sprinkle  the  graphite  powder  on  a  leather  hard  vessel  surface 
and  rub  it  gently  with  the  hand.  A  dry  or  already  fired  vessel  is 
not  suitable  for  applying  graphite  powder;  graphite  would  not 
adhere  properly  to  the  vessel  surface.  Alternatively,  you  can 
apply  graphitic  suspension  (either  made  of  clay  or  without  it). 
-Burnish  the  leather  hard  vessel  thoroughly  with  pebble.  If  you 
want  to  have  a  smoother  surface  use  pebble  burnishing  gently 
then,  while  the  vessel  is  still  leather  hard,  rub  the  vessel  by  hand 
to  smoothen  out  the  pebble  streaks. 

-Let  your  vessel  dry  completely. 

-Fire  the  vessel  between  700  °C  and  1000  °C  in  reducing  con¬ 
ditions.  Make  sure  that  the  atmosphere  remains  completely 
reduced  all  through  the  firing  process  otherwise  graphite  will 
burn  off  instantly. 

-Leave  the  vessel  in  the  ashes  until  the  fire  cools  to  accommo¬ 
date  as  thorough  a  reduction  as  possible. 
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-Done!  Now  you  have  a  vessel  with  a  lustrous  metallic 

appearance. 

5.  Conclusion 

In  this  paper  a  range  of  experiments  were  conducted  to  improve 
our  understanding  of  graphite  coated  ceramics  in  terms  of  graphite 
preparation,  graphite  coating,  surface  treatments  prior  to  or  after 
graphite  coating,  firing  temperatures  and  atmospheres.  The  results 
of  these  experiments  were  compared  with  graphite  coating  on  Late 
Bronze  Age  ceramics  from  Tiszabura,  Hungary.  The  results  show 
that  graphite  was  applied  directly  on  vessel  surfaces  probably  as 
powder  and  also  as  a  suspension  mixed  with  clay.  If  graphite 
powder  is  applied  directly  on  vessel  surface,  the  surface  must  have 
been  leather  hard;  dried  or  fired  vessels  are  unsuitable  for  graphite 
coating.  After  graphite  coating  different  surface  treatments  were 
used,  although  the  most  common  seems  to  be  pebble  burnishing, 
and  admittedly  this  process  resulted  in  the  highest  metallic  luster 
and  the  strongest  bond  between  graphite  and  clay.  Thus,  there 
seems  to  be  a  direct  correlation  between  metallic  luster  and  surface 
treatment.  The  use  of  other  materials  that  left  scratches  on  vessel 
surfaces  was  also  identified  on  the  archaeological  ceramics.  How¬ 
ever,  these  marks  do  not  show  apparent  similarities  to  the  marks  on 
the  experimental  samples  left  by  sheep  leather,  sheep  wool  and 
raw  graphite  lumps.  Therefore,  the  utilization  of  other  types  of 
materials  in  prehistory  can  also  be  assumed  (other  types  of  leather, 
fur,  or  some  other  organic  material).  Graphite-coated  vessels  must 
have  been  fired  in  completely  reducing  conditions,  which  must 
have  been  maintained  all  through  the  firing  process.  There  seems  to 
be  no  relationship  between  metallic  luster  and  firing  temperature; 
vessels  could  have  been  fired  in  a  wide  range  of  temperatures, 
which  was  between  700  and  1000  °C  during  this  experiment. 


The  results  of  these  experiments  suggest  that  the  use  of  graphite 
to  achieve  lustrous  metallic  appearance  requires  a  complex  tech¬ 
nological  knowledge  and  a  high  level  of  skill.  Moreover,  the  use  of 
graphite  in  ceramic  production,  since  graphite  is  only  available  in 
Hungary  as  graphite  bearing  phyllite  which  is  unsuitable  for 
graphite  coating,  implies  large  scale  exchange,  complex  social 
networks,  and  communication  of  ideas  and  spread  of  technological 
knowledge.  Therefore,  the  special  technological  knowledge  and 
exotic  nature  of  graphite  (at  least  in  Hungary)  could  have  contrib¬ 
uted  to  the  social  significance  of  graphitic  wares  and  perhaps  the 
social  status  of  their  makers.  Assessment  of  the  scale  of  production 
and  identification  of  areas  of  production  would  shed  more  light  on 
the  social  complexity  of  graphitic  wares  and  their  makers.  How¬ 
ever,  the  scale  of  pottery  production  could  not  be  assessed  since  to 
date  there  is  no  published  evidence  for  pottery  production  at  any 
Late  Bronze  Age  settlements.  In  order  to  define  a  pottery  produc¬ 
tion  site,  one  has  to  consider  a  series  of  attributes  that  may 
accompany  ceramic  production  such  as  wasters,  production  tools, 
raw  materials,  structural  evidence  for  the  curing/mining  of  clay  and 
the  presence  of  distinctive  manufacturing  assemblages.  According 
to  any  of  these  criteria,  no  Late  Bronze  Age  pottery  production  sites 
have  yet  been  found  in  Hungary.  Nevertheless,  graphite-coated 
ceramics,  imitating  the  texture  and  appearance  of  metal  vessels, 
could  have  been  an  effective  means  of  social  representations  at 
feasts  and  burials  (Vaczi,  2013b). 
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Appendix  1 


Sample  Condition  of 
no.  vessel 

Surface  treatment  Way  of  utilizing  graphite 

prior  to  graphite 

coating 

Surface  treatment  after 
graphite  coating 

Firing 

atmosphere 

Firing 

temperature 

(°C) 

1 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Oxidizing 

700 

and  firing 

firing 

2 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

polished  with  sheep  wool  prior 

Oxidizing 

700 

and  firing 

to  firing 

3 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  leather 

Oxidizing 

700 

and  firing 

prior  to  firing 

4 

Leather  hard 

None 

Raw  graphite  lump  prior  to  firing 

Burnished  with  raw  graphite 

Oxidizing 

700 

lump  prior  to  firing 

5 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Reducing 

700 

and  firing 

firing 

6 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Reducing 

750 

and  firing 

firing 

7 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Reducing 

800 

and  firing 

firing 

8 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Reducing 

900 

and  firing 

firing 

9 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Burnished  with  pebble  prior  to 

Reducing 

1000 

10 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  wool  prior 

Reducing 

700 

and  firing 

to  firing 

11 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  wool  prior 

Reducing 

750 

and  firing 

to  firing 

12 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  wool  prior 

Reducing 

800 

and  firing 

to  firing 

13 

Leather  hard 

none 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  leather 

Reducing 

700 

and  firing 

prior  to  firing 

14 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  leather 

Reducing 

750 

and  firing 

prior  to  firing 

15 

Leather  hard 

None 

In  powder  form  prior  to  surface  treatment 

Polished  with  sheep  leather 

Reducing 

800 

16 

Leather  hard 

None 

Raw  graphite  lump  prior  to  firing 

Burnished  with  raw  graphite 

Reducing 

700 

lump  prior  to  firing 
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( continued ) 


Sample 

no. 

Condition  of 
vessel 

Surface  treatment 
prior  to  graphite 
coating 

Way  of  utilizing  graphite 

Surface  treatment  after 
graphite  coating 

Firing 

atmosphere 

Firing 

temperature 

(°C) 

17 

18 

Leather  hard 

Leather  hard 

None 

None 

Raw  graphite  lump  prior  to  firing 

Raw  graphite  lump  prior  to  firing 

Burnished  with  raw  graphite 
lump  prior  to  firing 

Burnished  with  raw  graphite 
lumpj>rior  to  firing 

Reducing 

Reducing 

750 

800 

19 

Completely  dried 

None 

In  powder  form  on  a  dry  surface  prior  to 
surface  treatment  and  firing 

Dry,  graphite-coated  surface 
was  burnished  with 

Reducing 

750 

20 

Leather  hard 

Burnished  with 
pebble  prior  to 
graphite  coating 

In  powder  form  on  a  pebble  burnished 
surface  prior  to  firing 

Rubbed  with  the  hand 

Reducing 

750 

21 

Leather  hard 

None 

In  powder  form  on  an  untreated  surface 
prior  to  firing 

Rubbed  with  the  hand 

Reducing 

750 

22 

Leather  hard 

Polished  with  sheep 
leather  prior  to 
graphite  coating 

In  powder  form  on  a  leather  polished 
surface  prior  to  firing 

Rubbed  with  the  hand 

Reducing 

750 

23 

Leather  hard 

None 

Suspension  ( 1 0  g  clay  +  1 0  g  fine  to  medium 
graphite  powder  +  water)  prior  to  firing 

After  suspension  became 

leather  hard  it 

was  burnished  with  pebble 

Reducing 

750 

24 

25 

Fired  in  reducing 
conditions  prior  to 
graphite  coating 
Fired  in  reducing 
conditions  prior  to 
graphite  coating 

None 

None 

In  powder  form  after  firing 

In  powder  form  after  firing 

Burnished  with  pebble  after 
firing 

Polished  with  sheep  leather 
after  firing 

Reducing 

Reducing 

750 

750 

26 

Leather  hard 

Burnished  with 
pebble  prior 

In  powder  form  on  a  pebble  burnished 
surface,  after  firing 

Rubbed  with  the  hand 

Reducing 

750 

27 

Leather  hard 

None 

Suspension  (10  g  graphite  powder  +  water) 
prior  to  firing 

Burnished  with  pebble  prior  to 
firing 

Reducing 

750 
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